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Abstract
Soil-transmitted helminths are a major cause of disability and morbidity in resourcepoor settings: over 1.5 billion are estimated to be at risk of infection. Human behaviors and
household socioeconomic conditions that facilitate contact with contaminated soil may
increase exposure to parasites. The primary objective of the study was to investigate the
community-level variation in hookworm prevalence in the Kpandai district of Ghana.
We used a mixed-methods approach to investigate behavioral, societal and environmental risk
factors to hookworm exposure. 264 individuals from three neighboring villages (Jagbigbingdo
[JG], Takumdo [TK], Wiae Chabor [WC]) were recruited using a convenience sampling strategy.
Household questionnaires regarding WASH were administered, and a representative from each
household answered a semi-structured interview. Soil samples were taken to assess
environmental hospitability for parasites. JG had a 24.4% hookworm prevalence, compared to
1.5% for TK, and 6.9% in WC, noting a continued community-level variation. Household size was
a significant risk factor (OR = 2.09, 95% CI [1.17, 3.74]), while severely food insecure status was
a protective factor (OR = 0.32, 95% CI [0.12, 0.85]). Qualitative interviews revealed that there is
potential for regional WASH interventions and educational campaigns have penetrated at the
community level. Environmental conditions did not vary significantly between the three
villages, and nor did behavioral patterns. Infrastructure improvements may be needed to
actualize behavioral changes from latrine construction, to achieve a sustainable reduction in
parasite transmission. Concentrated foci of hookworm infected households may continue
transmission patterns in JG, retarding efforts to reduce transmission at the community-level.
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Introduction
Background
Helminthic parasites, including hookworms, affect nearly one third of the global
population, mostly in areas of the world where adequate water and hygiene facilities are
lacking. It is estimated that over 500 million people are infected worldwide, and over 3 billion
are at risk of infection (1). In Ghana, the hookworm prevalence is estimated to be around 45%
(2). Years of large-scale control measures, including mass drug administration trials and
preventive measures, have tried to eliminate these parasites from endemic areas. However,
billions of people remain at risk of infection, and there are still communities that remain
pockets of hookworm transmission. Understanding the risk factors involved in these
populations is crucial to planning appropriate measures to be able to eliminate hookworms
from these areas.
Soil-transmitted helminths, including hookworms, are common in warm, tropical
climates, where temperature and humidity are ideal for development of parasite larvae. The
life cycle of hookworms is described in Figure 1. Briefly, Hookworms are transmitted through
contact with contaminated soil, which harbor larvae exiting eggs shed from human feces. Eggs
are passed through stool, and under favorable conditions, which include optimal temperatures,
moisture levels, and hatch into larvae. Larvae molt and go through developmental changes,
surviving up to 4 weeks in the soil. Upon contact with the mature larvae in the soil, normally
through exposure with bare feet, they can penetrate the skin and travel through the host’s
bloodstream, migrating to the lungs. They eventually migrate to the jejunum of the small
intestine epithelium, attaching themselves to the intestinal wall, where the mature hookworm
attaches and feed off blood, and excrete unembryonated eggs. Hookworms can survive in the
host for many years, going through dormant phases and living at an immunological equilibrium
with the host. Long-term infections can be the cause of morbidity, including iron depletion due
to blood loss, and developmental stunting in children (3).
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Figure 1. Life cycle of intestinal hookworm (4)
Hookworm infections are the cause of over 4 million disability-adjusted life years (DALY)
lost, representing one of the most important causes of morbidity in low-resource settings (5).
While infections do not necessarily cause high mortality, chronic infections and co-infections
with other infectious diseases such as malaria and yellow fever can lead to long-term sequelae,
as well as higher mortality and morbidity (6). Children are impacted more severely, as blood
loss and anemia from resulting infections lead to malnutrition, and impaired physical and
cognitive development (7). Three main hookworm species are the cause of human infections:
Nectaor americanus, Ancylostoma duodenale, and A. ceylanium. N. americanus has a worldwide
distribution, and the highest number of cases are found in South Asia and Sub-Saharan Africa,
with 140 million and 117 million cases respectively (8, 9).
Hookworm and the environment
Helminth egg development in the soil is dependent on a multitude of environmental
factors, including climate and soil conditions (including temperature, moisture level, clay
content etc.). Previous hookworm studies in Africa have found that hookworms are more likely
to be found in low-altitude, coastal regions below 150 meters above sea level (a.s.l), in sandy
Kim 7

soil with low (<15%) clay content (10). High clay content soil is wetter and less aerated,
inhibiting parasite growth and transmission. The amount of rainfall necessary to maintain
hookworm larvae thus also depends on the water-retaining properties of the soil. Temperature
is another important factor for hookworm transmission, as it determines the speed of larval
development in the soil (11). High temperatures can desiccate eggs, while colder climates can
retard parasite development and kill free-living stages. The interplay of ecological conditions,
including soil type, altitude, and humidity can thus affect the prevalence and transmission of
hookworm.
Meanwhile, hookworm infections have been shown to be more prevalent in poor, rural
areas, where favorable soil ecology synergizes with socioeconomic structures such as poverty,
agricultural practices, and underdeveloped hygiene techniques (3). In rural Ghana, it has also
been shown that pigs have the potential to be reservoirs and transport hosts for N. americanus
(12). Many studies have shown that human-induced landscape changes are major drivers for
emerging infectious diseases, including helminths (13, 14). Agricultural practices, which can
impact soil composition (soil compaction, water retention) (15), have been shown to have an
effect on gastrointestinal parasite prevalence in domestic livestock (16).
A conceptual diagram of potential environmental and behavioral factors tied to
hookworm exposure can be seen in Figure 2. Briefly, at the individual level, behavioral patterns
including WASH practices (handwashing, cooking and eating, defecation) can compound with
availability of resources at the household and community level, such as the availability of
nearby water sources and latrines. Beyond the household and at the community level,
educational awareness about environmental parasites, as well as cultural beliefs, farming
practices or other behaviors, exposure, can have effects on one’s exposure. Protective factors
such as MDA trials targeted toward at the school-age child level or at the community level can
reduce infection cases and half transmission cycles, although there have been varying results
depending on the target population.
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Figure 2. Influences on exposure to hookworm infection

Global response to treatment
The current strategy for global helminth control, recommended by the World Health
Organization (WHO), is the administration of albendazole or mebendazole at the community
level. Several at-risk groups are targeted, including school-age children, women of childbearing
age, and preschool age children (17). In 2012, the WHO had set a goal of eliminating STH
infections in children by 2020, to be achieved by treating 75% of infected children worldwide
(18). In response, many endemic countries have rolled out concentrated efforts of mass drug
administration trials. A yearly dose of albendazole can reduce parasite burden by 80% in
infected people, for a cost of $2-9 USD per (DALY) averted (19, 20). Pharmaceutical companies
such as GlaxoSmithKline have donated substantial amounts of anti-parasitic drugs such as
Albendazole to the WHO, average 1 billion tablets through 2012-2016, for the treatment of
helminth infections in school-age children. Additionally, Johnson & Johnson have donated 50200 million mebendazole tablets yearly. Global bodies have attempted to scale up neglected
tropical disease control programs, including MDA trials against hookworms, through the
collaboration of multilateral donors.
Meanwhile, the effectiveness of drugs against STH has been steadily decreasing, and
reports of drug resistance have been on the rise (21). Further, while MDA are effective in
effective in decreasing helminth prevalence for short periods of time, their effects are
inconsistent in high-risk areas (22), and they do not address or fix the systematic factors that
contribute to high parasite burden in endemic areas. There has been global discussion on the
benefits and efficacy of MDA, and their potential to control infections worldwide (23, 24).
Scholars are turning toward cost-effectiveness models to determine the future viability and
Kim 9

sustainability of MDAs, and consider alternate options. Mathematical models have attempted
to explain why the penetration and efficacy of community-level MDA may not be consistent at
all regions. Some have argued that the current WHO guidelines for MDA need to be updated,
suggesting that the standard guidelines may work in low-transmission areas, but not sufficiently
in moderate- to high-transmission areas (25).
One notable limitation of MDA strategies is the less than complete coverage of the
target population at each round of treatment and participant adherence to the drug regimen,
necessitating regular, yearly treatment schedules to keep parasite prevalence low (26). Further,
MDA typically target school-age children, treating an entire school, and thus many infected
adults are left to continue transmitting hookworm into the community.
As it stands, it seems unlikely that we will meet the WHO’s goal of dropping below 1%
prevalence of moderate-to-heavy STH infections in school-age children. WHO standards suggest
a reduction in treatment frequency, if the prevalence falls following 5-6 consecutive years of
MDA. Thus, it is important to consider multiple factors that might impact the efficacy of MDA
trials, and identify differential risk factors in high-prevalence regions to reduce further
transmission and infection. Once there is a better understanding of environmental or societal
factors that contribute to high parasite burden, it will make it possible to develop regionspecific parasite control strategies.
Characteristics and Recent Developments in Ghana’s Kpandai District
The Kpandai District in Ghana is an administrative district in the Northern region of
Ghana. The climate is tropical continental, with distinct dry and wet seasons through the year:
yearly temperatures range between 29°C and 40°C, hottest at the end of April toward the end
of the dry season, and coldest in December, during the Harmattan period, characteristic of
West African regions during which dry winds with dust blow. Rainy periods are reported to last
around 3 months, during which annual rainfall averages 1150 -1500 mm (27). The seasonal
climactic patterns have been said to affect communities, as farmers are idle during dry periods,
while roads become flooded and unnavigable during wet seasons.
Based on the 2010 Census of the Kpandai population, there were approximately
100,000 people, of which 90% lived in rural localities. 89.7% of households were involved in
agriculture, and 86.1% were involved in crop agriculture activities (28). Relating to Water,
Sanitation and Hygiene (WASH) practices, 83.1% of households reported having no toilet
facilities (and thus using open bush/field defecation). Additionally, 39.5% used rivers or streams
as their main source of water for domestic use, and 24.6% used a public borehole or pump well.
Lastly, the dominant method of waste disposal was public dumping in designated open spaces,
with 52.7% of households. These numbers have likely changed over the past decade, due to
rapid development in the region. Nevertheless, it was noted that socio-economic development,
provision of potable water and toilet facilities, improved health infrastructure and training for
health personnel, and improved school infrastructure, were among the prioritized areas of
development at the District government level in 2010 and beyond.
Importantly, GHC 20,000 per year, or roughly $3500 USD per year, were allocated
throughout the 2014-2017 period to construct household pit latrines across the district, with
which 12,000 were said to be constructed each year across the district. Additionally, there were
multiple workshops organized by the District Assembly in 2016 to raise awareness on the
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importance of washing hands. These workshops were delivered by the District Assembly and
the Sanitation Office, targeting schoolchildren and women, as well as school teachers at 30
primary schools across the district. Many of these activities on environmental health and
sanitation were jointly funded and implemented by the Kpandai District Assembly, as well as
UNICEF.
Hookworm infections in Kpandai District, Ghana
The WHO established the Global Program to Eliminate Lymphatic Filariasis in 2000, with
the goal of eliminating Wuchereria bancrofti and Brugia spp. in endemic areas of the world,
through yearly community-level MDA delivery (29). Ghana implemented this strategy early on,
with the establishment of the Ghana Filariasis Elimination Programme (GFEP) in 2000, targeting
diseases such as onchocerciasis, lymphatic filariasis, and STH, among others. Ivermectin and
albendazole have been administered yearly in areas with parasite prevalence over 1%. In
Ghana, prevalence of STH vary by region, although estimates hover around 30% nationally (5),
with rural areas heavily impacted.
Kpandai represents one of the poorest districts of Ghana. In the middle belt of Ghana,
similar climate and demographic profile to Kpandai, the overall hookworm prevalence was
determined to be 12.1% in a 2016 cross-sectional survey (30). Meanwhile, a separate 2017
survey of three agrarian villages in the Kpandai district has shown that there is a communitylevel heterogeneity of hookworm prevalence in geographically proximal villages (31). Notably,
Jagbigbingdo had a 33.9% hookworm prevalence, compared to 4.5% in Takumdo and 4.9% in
Wiae Chabor, two neighboring villages. Jagbigbingdo residents had a 7.30 aOR (p=0.01146) of
having baseline hookworm infection compared to Wiae Chabor residents. However, no
conclusive risk factor that explained this variation was found.
Rationale
Although Ghana has been rolling out nationwide strategies for hookworm control,
results have been inconsistent in high-risk areas, and little is known about specific risk-factors
that increase risk for hookworm infection and transmission. Specifically, the high heterogeneity
in prevalence in the Kpandai region remains a mystery, without any clear explanatory factors
yet identified.
Using qualitative methods to delve into community members’ behaviors could shed
light on risk factors for high exposure to parasites. Key informants, such as village chiefs and
elders that are aware of the village history, may provide a higher level understanding of recent
trends in their communities, including migratory trends and changes in land use behavior. Next,
in-depth semi-structured interviews with community members could give insight on community
members’ beliefs and practices that may lead to higher exposure to hookworms. There may be
differing farming practices, including proximity to livestock, hygienic practices, or
environmental factors such as soil type and water sources, that may explain high exposure to
hookworm. Investigating the environmental conditions of water and soil may provide a better
understanding of the surroundings of Jagbigbingdo residents.
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Figure 3. Potential routes of hookworm exposure and infection
The objective of this study was to delve into Jagbigbindo’s physical environment, as well
as the behavior of its community members, in order to identify potential factors that may
contribute to high hookworm exposure and transmission. We hoped to understand whether
there were factors that were missed by classic epidemiological methods that could explain JG’s
higher exposure to parasites.
The long-term objective of this study was to investigate environmental and behavioral
factors of Jagbigbingdo residents that contribute to higher exposure to hookworm. Results from
this study could be generalized to settings that exhibit a similar cultural, sociodemographic
environment.
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Methods
Sample Area
The study area borders Kpandai District and Krachi-Nchmuru District, located around
8°17’11”N 0°08’26” W (elevations varying from 95-144m a.s.l.), with three neighboring
communities (Takumdo, Jagbingbingdo, and Wiae Chabor) located within 5 km from each
other.
Sampling and recruitment
The three villages studied in the 2017 survey (from here on denoted as JG
[Jagbigbingdo], TK [Takumdo], and WC [Wiae Chabor]) were chosen as the three study sites for
this study. Residents from the three communities of the Kpandai region, JG, WC, and TK were
recruited into the study using a stratified convenience sampling strategy. Individuals over the
age of 4 years old were eligible for recruitment, and no exclusion criteria were made.
Before the start of the data collection period, the research team consulted with local
stakeholders, including the local health clinic staff, district sanitation office, and village chiefs,
to assess the appropriateness of the study design, and ask for permission to enter the villages.
Once clearance was obtained, the research team gathered a town hall meeting with residents
of the study village, and explained the research aims, and responded to villagers’ concerns and
questions.
A stratified convenience sampling strategy was used to acquire a diverse sample, and
achieve a diverse demographic and geographic spread of households. Households were defined
as immediate family members sharing the same living compound. Each household was capped
to 7 participants, to ensure a diverse sample. All included participants provided informed
consent, and parental consent and child assent were obtained for children under the age of 18.
Qualitative Interview design
Semi-structured interviews are suggested to gain an in-depth understanding of the
socio-cultural context around a central topic, with a predetermined list of open-ended
questions based on an interview guide (9, 32). Two arms of qualitative interviews were
conducted: key informant semi-structured interviews with relevant health care providers of the
communities (community nurses, clinic medical provider, and District sanitation office), and
semi-structured interviews with residents of the study communities.
The study design and questionnaire content were discussed and adapted with NMIMR
staff and village chiefs to ensure the acceptability and cultural sensitivity of the study content
(See Figures 1 and 2). Two local villagers who had knowledge of languages including Konkomba,
Twi, and English were hired as interpreters and community liaisons throughout the duration of
the study. All team members were trained prior to data collection to ensure consistency of
interview style, and to set expectations of the depth of data to be collected (33).
Key informant interviews delved into village history, exploring recent trends in
population movements, changes in land use behavior, and traditional customs specific to the
village, as well as recent policies and clinical trends to investigate external factors that may be
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tied to hookworm exposure and transmission at the study site. Key informant interviews served
to provide a holistic understanding of the sociocultural context.
The second arm of the qualitative interviews focused on Jagbigbingdo residents’
behaviors, including farming and hygiene practices, household customs, and identifying hightraffic areas that may coincide with hookworm transmission. Efforts were made to frame
interview questions in a culturally appropriate way, and minimize interviewer bias to receive
data that address the research question (34). Residents were asked about various aspects
about their daily lives. As the majority of adults in this area self-identified as farmers (31),
additional focus was put on the resident’s relationship to the land, land use practices, and
potentially parasite-related agricultural practices, perceptions of MDA trials, and hygiene
practices in and outside the household.

Questionnaire deployment and data analysis
The translators assisted the research team in translating questionnaire questions to
appropriate regional languages (Twi, Konkomba). Household questionnaires were adapted from
previous epidemiological hookworm surveys in Ghana (see Appendix). The questionnaire had
the following sections: socioeconomic indicators, food security, household water sources, toilet
facilities and garbage, exposure/disease prevention, and household listing.
We adapted the Household Food Insecurity Access Scale (HFIAS) to measure the impact
of financial security and food availability at the household level. Responses to the nine
standardized questions were scored according to previous studies. Scores could range between
0 and 27, and overall responses were categorized as food secure, mildly insecure, insecure, and
severely insecure, based on standardized scoring for HFIAS scales. Questions were formulated
around occurrence of lack or limited amounts of food, followed by frequency of occurrence.
The household questionnaire was answered by one representative member for each
household recruited. Upon completion of the questionnaire, the respondent was compensated
with a large bar of soap meant to be shared with the household

Interview administration and analysis
The local translators reviewed the appropriateness and cultural translatability of the
interview questions before the start of the data collection process. Semi-structured qualitative
interviews were carried out after administration of household questionnaires and parasitology
data analysis. One representative per recruited household was selected to participate in the
interview. A convenience sampling strategy was used to achieve a diversity of respondent
profiles, in terms of age, gender, and occupation for each community.
The two translators, who were local community members already acquainted with most
of the participants, were tasked in monitoring the flow of the interview, and translating the
questions of the research team. Interviews lasted around 30-60 minutes. Audio recordings of
the interviews were subsequently transcribed and translated into English by the two
translators, and compared with the original recordings to ensure accuracy. Further analysis and
coding were done using the English translation.
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Interview data provided information and insight into study participants’ behaviors and
culture. This data was supplemented with systematic observations of community members.
Specific times were allocated for community observations; the researcher would sit at a
designated site in the village, and observe happenings relating to specific themes. The observer
noted down the frequency and description of any movement or change in activity, taking
observations every 5 minutes (e.g. observation of people going to get water, sweeping of
household area, washing hands etc.).
.
Laboratory analysis of fecal samples
Stool specimens of enrolled participants were collected during the morning, and
processed within an hour of collection at the laboratory to minimize disintegration or loss of
helminth eggs. Each sample was weighed and homogenized using a wooden spatula. The KatoKatz technique was used to identify eggs of diverse helminth species, including hookworms,
Giardia, Strongyloides etc. (35). Briefly, homogenized stool was stained with methylene blue,
and visualized under a microscope. Egg counts were performed in duplicate by two different
personnel for each specimen.
Analyses were performed by members of the NMIMR research team as per protocol. As
standard of care, hookworm-positive individuals were referred to the local health clinic for
treatment, and followed up 10-14 days later to obtain an additional stool sample analysis to
assess success of treatment.
Spatial and environmental data collection and analysis
One of our aims was to overlay environmental and parasitology data onto geographic
maps, to identify potential hotspots for hookworm transmission and to provide information on
the distribution of hookworm in the communities. GPS (Global Positioning System) coordinates
were collected using the Garmin 401 Foretrex (Garmin, Olathe, Kansas) Global Positioning
System (GPS), a small GPS navigator (36), at the following sampling sites: recruited participants’
household compounds, community water sources (boreholes and streams), and soil sampling
sites. Locations of interest revealed during qualitative interviews, including alternative water
sources and participant farmlands, were georeferenced with their GPS coordinates (altitude,
longitude, latitude) for mapping purposes. These data were fit and analyzed using ArcGIS Pro
software.
Environmental sample analysis
To investigate potential environmental factors that may promote the persistence and
transmission of hookworms, soil samples were collected from select areas in the study sites,
using a random sampling methodology for each collection site. Briefly, sampling sites of interest
were identified iteratively, through a mix of interview results and community observations,
selecting for sites with potential heavy foot traffic, and areas of potential hookworm growth.
Sampled sites included farmland, near water sources (boreholes, riverside), and around
participant households. At each sampling point, 2 random samples were taken within a 15m
radius of the recorded GPS coordinates.
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Sampling was conducted as per previous studies that measured soil porosity and waterholding capacity (37), soil type (38), with protocols adapted to the local ecology (See Figure 3
for sample work flow). At the sampling site, a spade was used to dig a hole and collect a soil
sample from a depth of 15 cm. Collected soil was mixed with distilled water, so that the wet soil
could form a moist ball when compacted. The sample was inspected and classified based on
clay content and texture (sand, loam, clay), and soil chemical and physical parameters (pH, total
dissolved solutes (TDS), temperature) were recorded using the Combo pH/Conductivity/TDS
Tester HI98129 (Hanna Instruments).
Isolation of helminth oocysts from soil
Soil samples were brought back to the laboratory to perform parasitology analysis, using
a field-adapted Kato-Katz methodology for isolation and examination of helminth eggs in soil. A
field-adapted sucrose flotation method was optimized for soil samples (39). Briefly, a saturated
Sheather’s sucrose solution (d = 1.22 g/mL) was prepared (40). 5 g of soil was suspended in
0.8% saline solution, and passed through a mesh sieve to remove debris. The solution was
centrifuged @ 2000g for 3 minutes, and the supernatant was discarded. 10 mL of the saturated
sucrose solution was added, and helminth eggs were extracted from the top flotation layer
after 30 minutes by touching the meniscus of the solution with a microscope slide. The slide
was examined under a microscope, and environmental helminth eggs were counted.
Ethical approval and considerations
This study was approved by the ethics boards of the Yale University Human Investigation
Committee (IRB Protocol # 2000025094) and the NMIMR Institutional Review Board (Study
#071/18-19). All enrolled participants were made aware of the contents of the study
beforehand, and informed consent was obtained both orally and documented in writing.
Children under the age of 18 filled out a child assent form in addition to the completion of a
parental consent for each child. There is no conflict of interest to report, and funding sources
did not interfere with the design, collection, or analysis of data.
Statistical analysis
Tables and figures were prepared using Microsoft and various statistical software,
including SAS (v.9.4), ArcGIS Pro (Esri), and Graphpad Prism 9. Regression analysis was
performed in SAS, and quantitative data were coded and analyzed using NVivo 12.
In the logistic regression between baseline hookworm infection status and household
level predictors, it was necessary to account for potential clustering effects at the householdlevel. All survey responses from the questionnaires related to household-level data, and so
individuals were clustered at the household level using the STRATA function for PROC GLM.
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Results

Enrolled Participants
(n = 267)

No Stool Sample
(n = 3)

Stool Hookworm
Negative
(n = 228)

Stool Hookworm Positive
(n = 36)

Not Treated
(n = 3)

Treated
(n = 33)

Hookworm Positive
(n = 12)

Hookworm Negative
(n = 21)

Figure 4. Study enrollment and stool analysis. A total of 267 participants were recruited to the
study.
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Study Enrollment and Characteristics of sample population
Table 1. Individual characteristics of Sample Population
Characteristic
Jagbigbingdo
Takumdo
(n = 123)
(n = 69)

Wiae Chabor
(n = 72)

Total
(n = 264)

Median Age*
Sex
Female

13.0 [0.77]

13.8 [1.7]

11.0 [1.1]

12.7 [0.58]

57 (53.8)

38 (56.7)

29 (50.0)

124 (53.7)

Male
Education Level
None
Primary
Junior High
Senior High or above
Occupation
Farmer
Small Trader
Student
None

49 (46.2)

29 (43.3)

29 (50.0)

107 (46.3)

46 (37.4)
52 (42.3)
16 (13.0)
9 (7.3)

21 (31.3)
30 (44.8)
10 (14.9)
6 (9.0)

25 (33.8)
35 (47.3)
12 (16.2)
2 (2.7)

92 (34.8)
117 (44.3)
38 (14.4)
17 (6.4)

59 (48.0)
7 (5.7)
52 (42.3)
5 (4.1)

20 (32.8)
4 (6.6)
34 (55.7)
3 (4.9)

37 (51.3)
2 (2.8)
29 (40.3)
4 (5.6)

116 (44.3)
13 (5.0)
115 (43.9)
12 (4.6)

67 (100.0)
0

54 (94.7)
3 (5.3)

228 (98.7)
3 (1.3)

Tribe
Konkomba
107 (100.0)
Ewe
0
* [x] standard error is reported.

A total of 267 individuals were recruited for this study from 40 households in three
communities (See Figure 4, Table 1). Individual characteristics were collected upon recruitment
into the study. The population had a median age of 12.7 years old across the three
communities, and 53.7% of sampled population were female. The median age was likely
brought down by the young age of children recruited into the study, as families tended to have
multiple children. The Kpandai 2010 census indicated that 47.5% of the population is under the
age of 14, indicating that the proportion of children is large in the district.
The overwhelming majority (98.7%) identified with the Konkomba tribe, with a minority
Ewe community by the coast of WC. It is possible that minority tribe members were not
accurately sampled, as it was reported that they tended to congregate and live in communities
apart from the Konkomba people. Most adults in the community identified as small-scale
subsistence farmers (44.3%), who had crop lands near the household. Children under the age of
16 self-identified either as students, or as farmers.
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Hookworm baseline infection: summary characteristics
Table 2. Cases and Prevalence of Helminth Infections at Baseline
Helminth
Community Prevalence n (%)
Jagbigbingdo
Takumdo
Wiae Chabor
(n = 123)
(n = 69)
(n = 72)
Hookworm
30 (24.4)
1 (1.5)
5 (6.9)
H. nana
12 (9.8)
9 (13.0)
7 (9.7)
T. trichuris
1 (0.8)
1 (1.5)
0 (0.0)
Trichostrongylus 5 (4.1)
0
0
Table 2. Cases and prevalence of helminth infections at baseline.

30
20
10
0

36 (13.6)
28 (10.6)
2 (0.8)
5 (1.9)

Variation in hookworm prevalence by community
30

Prevalence (%)

Prevalence (%)

Variation in hookworm prevalence by community
(Peter Suwundo 2016)
40

Total Prevalence
(n = 264)

Hookworm
H. nana

20

T. trichuris
Trichostrongylus

10

0

JG (n=289)

TK (n=154)

Community

WC (n=123)

JG (n=123)

TK (n=69)

WC (n=72)

Community

Figure 5. Variation in hookworm prevalence by community. The helminth survey results from
Peter Suwundo’s 2017 study are displayed on the left. The updated helminth prevalence from
this survey is indicated on the right.
The prevalence of hookworm in the three communities followed the trend from the
previous 2017 hookworm survey, when JG, TK, and WC’s respective hookworm prevalences
were found to be 33.9%, 4.5%, and 4.9%. In this study, the respective hookworm prevalence
was 24.4%, 1.5%, and 6.9% for the three communities (Table 2, Figure 5). Particularly, JG’S
24.4% hookworm prevalence represents a 28% decrease from the 2016 survey.
Of the 264 baseline stool samples tested for helminth eggs, 36 tested positive for
hookworm eggs across the three communities. The prevalence of hookworm infections in JG
was 24.4% (30/123), compared to 1.5% (1/69) in TK and 6.9% (5/72) in WC. 3/267 participants
were not available for stool collection throughout the duration of data collection, as they had
left the villages shortly after recruitment.
In addition to hookworms, Hymenolepis nana eggs were identified in all three
communities, with an overall prevalence of 10.6%. H. nana is a common intestinal helminth
transmitted by the fecal-oral route, through the ingestion of oocysts from the contamination of
contaminated foods or water. Symptoms are generally lesser than with hookworm infections,
and asymptomatic infections are common (41).

Kim 19

Two isolated cases of T. trichuris were identified in JG and TK, and 5 individuals were
infected with Trichostrongylus spp. Trichostrongylus spp. is a nematode that infects herbivore
animals, and is often associated with people living in close proximity to domestic livestock (42).
Most infections are asymptomatic, and humans are generally considered accidental hosts for
the parasites.
A total of 5 dual-infection cases were identified in JG. Four dually-infected individuals
tested positive for hookworm, in addition to H. nana, Trichostrongylus spp, or Trichuris. One
dual-infection case of Trichuris and H. nana was identified.
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Hookworm treatment summary characteristics
Table 3. Hookworm Infection Characteristics by Community
Characteristic
Jagbigbingdo
Takumdo
Wiae Chabor
Baseline hookworm
30 (24.4%)
1 (1.5%)
5 (6.9%)
Infection
Cases by infection intensity
Light
27 (90.0%)
1 (100.0%)
5 (100.0%)
Moderate
3 (10.0%)
0
0
Median Egg Count *
Pre-Treatment
252.0
36.0
120.0
Post-Treatment
66.0
0.0
24.0
FECR (%)
80.7
100
95.0
Cure Rate (%)
63.0
100.0
60.0
Co-infection with hookworm
H. nana
2
0
0
Trychostrongylus
1
0
0
Trichuris
1
0
0
Trichuris + H. nana
1
0
0
* Median egg count is reported in the number of eggs per gram of stool (EPG).

Total
36 (13.6%)

33 (91.7%)
3 (8.3%)
210.0
54.0
83.4
63.6
2
1
1
1

91.7% of hookworm infection cases were light infections, defined as <2000 EPG of stool.
3 cases in JG were moderate infections (2000-4000 EPG stool), and no heavy infections (<4000
EPG stool) were identified across the three communities.
All but 3 of the 36 hookworm-infected individuals were treated with an oral dose of
500mg albendazole. Follow-up stool samples were collected and analyzed 10-14 days after
treatment administration. Individuals were deemed cured if no hookworm oocysts were
identified in the post-treatment stool sample. Individual FECR data is visualized in Figure 6. The
three communities had an overall cure rate of 63.6%, and a FECR of 83.4%.
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Hookworm fecal egg count pre/post treatment
Fecal Hookworm EPG

10000

JG
TK

1000

WC

100

10
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Treatment period

Figure 6. Fecal hookworm EPG before and after treatment. Log10 scale is reported on the Y
axis. Data are matched by individuals pre- and post- administration of Albendazole.
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Table 4. Household characteristics by community
Characteristic
Jagbigbingdo
Takumdo
(n = 19)
(n = 10)
Household size
0 – 10
11 – 15
15+
Defecation
Latrine

Wiae Chabor
(n = 11)

Total
(n = 40)

5 (27.8)
6 (33.3)
7 (38.9)

2 (25.0)
5 (62.5)
1 (12.5)

2 (18.2)
5 (45.5)
4 (36.4)

9 (24.2)
16 (43.2)
12 (32.4)

19 (100.0)

1 (10.0)

4 (36.3)

24 (60.0)

0 (0.0)

9 (90.0)

7 (63.6)

16 (40.0)

1 (5.3)
9 (47.4)
5 (26.3)
4 (21.1)

0 (0.0)
3 (33.3)
4 (44.4)
2 (22.2)

1 (9.1)
7 (63.6)
2 (18.2)
1 (9.1)

2 (5.1)
19 (48.7)
11 (28.2)
7 (18.0)

1 (5.3)
3 (15.8)
10 (52.6)
5 (26.3)

0 (0.0)
0 (0.0)
4 (40.0)
6 (60.0)

0 (0.0)
0 (0.0)
7 (63.6)
4 (36.4)

1 (2.5)
3 (7.7)
21 (52.5)
15 (37.5)

Knowledge of
deworming in past year
Yes
10 (55.6)
3 (30.0)
No
8 (44.4)
7 (70.0)
Table 4. Household Characteristics by community

4 (36.4)
7 (63.6)

17 (43.6)
22 (56.4)

Bush and field
Total animals owned
0
1 – 25
26 – 50
50+
Food insecurity
Secure
Mildly insecure
Insecure
Severely insecure

Household characteristics by community
Household-level characteristics were identified through household questionnaires,
which revolved around environmental behavioral factors that may be linked to hookworm
exposure. One representing household member answered the survey on behalf of other
household members. Responses from the 40 recruited households were recorded.
JG had a median household size of 11.9 members (95% CI [11.2, 12.6]) with a range of 553. In TK and WC, the respective median household size and range were 13.1 (95% CI [12.2,
14.0]) and 8-17 in TK, and 12.6 (95% CI [11.6, 13.7] and 10-21 in WC. This median size was not
statistically different between the three communities (p=0.7095) under the Wilcoxon analysis
using the Kruskal-Wallis Test.
60% of households across the three communities reported that they used a latrine for
defecation. 100% of survey respondents in JG responded that all family members used the
latrine for defecation, compared to 10% in TK, and 36% in WC. While open-field defecation has
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been shown to be a risk factor for helminth infections in other sites (43), TK and WC, which
presented higher rates of open defecation, had lower hookworm prevalence than JG, where all
survey respondents expressed that latrines were the sole method of defecation.
Interestingly, all respondents from JG self-reported using household latrines as the only
method of defecation, while latrine use was not as consistently reported in the two reference
villages. However, reports during the qualitative interviews revealed that many latrines across
the three communities were not in active use, for various reasons (detailed in qualitative data
section). Since latrines would generally be considered a protective factor against
environmentally transmitted parasites, these would be unexpected results. Preferences for
defecation sites are described in more detail in the “qualitative data” section.
Most households (94.9%) had at least 1 domestic animal around the household, and at
the farm. Animals included goats, fowl (chicken, guinea fowl, ducks), sheep, cows, pigs, dogs,
and cats. Smaller animals could be seen roaming around the household, sharing common
spaces with humans, and defecating around the compound.
Most households were either food insecure (52.5%) or severely insecure (37.5%). Only 1
household from JG reported being food secure, and 3 JG households were mildly insecure. All
households in TK or WC reported to being either food insecure, or severely insecure.
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Table 5. Bivariate and Multivariate Associations with Baseline Hookworm Infection
Characteristic

Unadjusted OR
[95% CI]

Adjusted OR*
[95% CI]

Parsimonious OR
[95% CI]

7.26 [2.91, 18.1]
1.00

11.2 [1.28, 97.1]
1.00

5.34 [2.03, 14.1]
1.00

Age
Sex

1.00 [0.98, 1.03]

0.99 [0.96, 1.02]

-

Female
Male
Water Access
No borehole access
(Stream/Natural Source
only)
Borehole

1.00
1.38 [0.67, 2.87]

1.00
1.21 [0.52, 2.82]

-

0.57 [0.21, 1.57]

0.28 [0.20, 0.66]

-

1.00

1.00

-

Community
Jagbigbingdo
Takumdo or Wiae Chabor

Household Size
1.73 [1.03, 2.90]
1.96 [1.03, 3.74]
2.09 [1.17, 3.74]
Animal Rearing
0.99 [0.98, 1.00]
0.99 [0.98, 1.00]
0.99 [0.97, 1.00]
Household Food Insecurity
Food insecure or better
1.00
1.00
1.00
Severely food insecure
0.31 [0.12, 0.77]
0.32 [0.11, 0.96]
0.32 [0.12, 0.85]
H. nana infection
2.19 [0.09, 2.88]
0.72 [0.13, 4.03]
Defecation behavior
Latrine
1.00
1.00
Open Field/Bush
0.57 [0.21, 1.57]
1.66 [0.22, 12.3]
Hand Hygiene
Washes hands only
0.47 [0.19, 1.19]
1.07 [0.33, 3.44]
sometimes
Never washes
1.91 [0.73, 4.97]
2.21 [0.64, 7.57]
Washes each time
1.00
1.00
* Regression model was adjusted for the effects of all variables included in this data table.
Bivariate regression analysis of risk factors for hookworm infection
A binomial logistic regression was used to assess the association between baseline
hookworm infection status (yes/no) and various risk factors identified from the questionnaire.
As questionnaires were delivered at the household level, analysis of household-level risk factors
was stratified at the household level. Table 5 displays a summary of the regression analysis,
with results from the unadjusted, adjusted, and backwards-selected parsimonious models.
Household-level characteristics were used as predictors for baseline hookworm infection
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status. Household size and animal rearing were treated as continuous variables (treated as
number of individuals per household and total number of domestic animals, respectively).
In the unadjusted, bivariate model, residents of JG had a greater odds of getting
hookworm infections compared to residents of TK or WC (OR=7.26, 95% CI [2.91, 18.1]).
Household size (OR=1.73, 95% CI [1.03, 2.90]) was found to be statistically significant risk factor
for hookworm infection. Age, sex, access to improved water sources, number of domestic
animals, food insecurity status, H. nana infection, latrine use, and hand hygiene were not
statistically significant risk factors. Interestingly, severe food insecurity status was shown to be
a significant protective factor against infection (OR=0.31, 95% CI [0.12, 0.77]), setting the
reference as households who were considered food insecure, mildly food insecure, and not
food insecure.
The food insecurity status scales from food secure to severely food insecure. Briefly,
mild food insecurity describes an uncertainty regarding one’s ability to obtain food. Moderate
food insecurity refers to needing to compromise on food quality and variety, reduce food
quantity and skip meals. Severely food insecure status refers to households or individuals that
must go a whole day without having food.
In the adjusted model, all variables included in Table 5 were included in the regression.
household size (OR = 1.96, 95% CI [1.03, 3.74]) was the only statistically significant risk factor.
Being severely food insecure was a significant protective factor (OR = 0.32, 95% CI [0.11, 0.96].
Next, backwards-selection stepwise regression analysis was performed to obtain a
parsimonious model. In this model, households had a greater odds of having an infected
individual the larger the size of the household (OR= 2.09, 95% CI [1.17, 3.74]). Meanwhile,
animal rearing was found to be a slight protective agent (OR= 0.99, 95% CI [1.17, 3.74]).
Unexpectedly, severely food insecure households had a 0.32 OR (95% CI [0.12, 0.85]) compared
to households with better food insecurity scores, and thus had significantly lower odds of
having a hookworm-infected member.
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Study site characterization

Figure 7. Map of study site and three sample villages.
The Kpandai District is located as indicated in the black outline. The three study villages are
indicated in the aerial view map. Sampled households are indicated by yellow dots, and village
water sources are indicated by blue tabs. The nearest town to the three communities, Burai
(population around 11,000) is located to the East of the villages, and indicated on the map.
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Wiae Chabor
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0–1
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Jagbigbingdo

Figure 8. Distribution map of hookworm infection per household.
For the geospatial analysis of environmental factors tied to hookworm infection, GPS
points (longitude, latitude, and altitude) were recorded for each household, water source, and
soil sampling sites. SRTM30 datasets were used for elevation analyses.
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The number of hookworm-infected individuals per household can be visualized in figure
8. Graduated symbols are used to display the number of infected individuals per household.
15/19 households in JG had at least one infected member, with a maximum of 6 infected
persons. In TK, only one household had a single infected individual, and in WC, there were two
households with infected individuals. The range of infected members per household is from 0-6
people. Additionally, public water sources are indicated on the map by blue tabs. The water
sources include streams or boreholes.
Although our sample size is small, it is important to consider the potential clustering of
cases in the middle of the village of JG. We identified three households in JG that had at least
4/7 hookworm-infected individuals. Previous studies have used mathematical modeling to
investigate the link between prevalence and transmission intensity, and have shown that the
two factors may be dependent on the degree of parasite aggregation within communities (44,
45). Although the three communities are geographically defined and present no distinguishing
demographic factors, it is possible that heavy carriers in JG are maintaining transmission cycles
within the community, despite multiple rounds of school-based MDA.
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Proximity to water sources

Figure 9. Euclidian distance between each water source and household. Colored radii indicate
distance from water source (borehole or natural stream).
In addition to household parasitology data, we identified and located water sources for
the three communities. None of the villages had piped water available at the household –
through qualitative interviews, it was revealed that it was mainly the women and children’s
responsibility to fetch water for drinking, cooking, and washing throughout the day (see
Qualitative Results section). Natural sources of water included streams and improved sources
included boreholes. A raster calculation was performed to get the Euclidian distance between
each water source and household (Figure 9).
In WC, the single water source was identified to be the Dako river pictured on the lefthand side of the map. WC did not have any improved source of water, as the single borehole
had been reported to be broken and not in operation (not displayed on map). In TK, there was a
single borehole to the side of the road, opposite to the households. In JG, there were two
boreholes in proximity to the community, and a more distant stream site, which was located at
around a thirty-minute walk away from the center of the village (Northernmost blue tab on
figure 9, JG map).
At a cursory glance, one might predict that the lack of clean, improved water sources
near the households would be a risk factor to hookworm infection, as higher foot traffic would
be required to fetch potentially contaminated water. Thus, one might hypothesize that WC,
which residents only used the stream water for their daily living, would have the highest
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exposure to hookworms, as residents would have to walk over <500m by foot to reach the
water source. However, we saw a counter-intuitive distribution of hookworm infections with
respect to availability of water resources: only 2 households in WC were identified to have
hookworm-infected individuals. Further, although Jagbigbingdo had two functional boreholes in
proximity (<200 m) to households, as well as a stream site, the village reported the highest
hookworm prevalence.
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Elevation analysis
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Figure 10. Elevation maps of the study site. a) Elevation grid from SRTM30 dataset. b) Aspect
analysis of elevation map. c) and d) Hillshade analysis of elevation map. e) Slope raster analysis.
Classical parasitology studies have investigated the role of environmental conditions,
including elevation, on the perpetuation of their transmission cycle (10). Previous studies have
found that hookworms are better maintained at elevations below 150m above sea level (a.s.l).
in similar African climates. Elevation data from the SRTM30 dataset were extracted to identify
the relative elevation between the three villages. Using ArcGIS Pro, raster analyses were
performed to visualize the relative elevations of the study sites (Figure 10).
In Figure 10d), the relative elevations are displayed by the graduated shaded color – the
relatively lighter colored WC has a lower elevation than the other two villages. Absolute
elevation data was collected during environmental data collection, and cross-referenced with
Google Earth elevation data: WC’s average elevation stood at 45m a.s.l., while the other two
villages had an average elevation of 150m a.s.l. From these data, the elevations are situated
below 150m a.s.l., which is an ideal environmental condition for hookworm life cycle
continuation. There is limited variation in elevation across the sites, and thus it is unlikely that
elevation contributes to the variation in prevalence of infection across the three communities.
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Figure 11. Soil parasite density analysis per village. Household parasite infections are indicated
by graduated yellow dots. Soil sampling sites are indicated by dots of graduated color (white to
black) by increasing pH, and size in terms of particle content (measured in parts per million
[ppm]). A density function was used to calculate soil parasite density, and relative levels were
categorized from low to high. Density clouds with a 100m radius are indicated on the map.
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Soil parasite density analysis
Soil samples were analyzed to assess hospitability to parasites and possible associations
with human hookworm infection. A total of 43 soil samples were processed across the three
villages at varied sites to achieve sample diversity, such as at water sources, farmlands, in front
of homesteads, common open defecation sites and around household latrines, and at popular
gathering sites. Sampling sites were determined using a convenience sampling strategy, based
on information revealed in qualitative interviews.
Table 5. Environmental characteristics of sampled soil
Characteristic
Jagbigbingdo
Takumdo
(n = 21) n (%)
(n = 12)
Median TDS (ppm) *
Median soil pH *
Soil type
Loam

Wiae Chabor
(n = 10)

Total
(n = 43)

99.3 [16.8]
7.73 [0.08]

98.0 [120.1]
7.87 [0.23]

170.0 [137.7]
7.95 [0.31]

100.0 [27.0]
7.80 [0.07]

7 (33.3)

2 (16.7)

2 (20.0)

11 (25.6)

Sandy
7 (33.3)
3 (25.0)
4 (40.0)
Silt
3 (14.3)
6 (50.0)
2 (20.0)
Clay
4 (19.1)
1 (8.3)
2 (20.0)
Helminth positive
Nematode
5 (23.8)
6 (50.0)
3 (30.0)
Hookworm egg
3 (14.3)
5 (41.7)
3 (30.0)
Other egg
5 (23.8)
4 (33.3)
4 (40.0)
* [x] Standard error is indicated inside brackets for median soil parameters.

14 (32.6)
11 (25.6)
7 (16.3)
14 (32.6)
11 (25.6)
13 (30.2)

Table 6. Environmental helminth infection status by soil type
Soil type
Positive
Negative
(n = 24) (%)
(n = 19) (%)

Total
(n = 43)

Loam

5 (45.5)

6 (54.6)

11

Sandy
Silt
Clay

10 (71.4)
7 (63.6)
2 (28.6)

4 (28.6)
4 (36.4)
5 (71.4)

14
11
7

A density map of approximate environmental parasite load was created using soil
parasitology data (see Figure 11). For each soil sample, environmental helminth and nematode
counts were determined using a field-adapted sucrose flotation protocol.
Using ArcGIS Pro, parasite load was categorized as “low”, “medium” and “high” based on
relative environmental parasite count. The ranges of total helminth eggs and nematode larvae
identified per 15g soil sample were 0-8 and 0-16 respectively, with identified helminths
including Strongyloides-like ova, hookworm eggs, Ascaris eggs among others. (data not shown).
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Subsequently, we attempted to extract DNA from the extracted environmental parasites;
however, the yield and purity was too low to conduct further PCR experiments for genetic
identification, to further speciate the observed parasites.
Environmental parasite density was calculated by plotting the number of total
environmental parasites (eggs and larvae) over a density cloud of 100m. Sampled points are
indicated by black dots of graduated size and color based on pH and ppm. Notably, there were
no parasite larvae or eggs identified from soil sampled near water sources (indicated by the
blue tabs). Qualitatively, environmental parasite density was highest in JG, concentrated over
areas near the household. In TK, soil parasites were also identified near sampled households,
indicated by the “medium” density plot, while in WC, the relative density was lowest. It should
be noted that a limitation of this analysis is that due to the small sample size, a generalization
of these findings is not possible.
A regression analysis was performed to assess the relationship between soil type and
soil helminth infection status (data from Table 6). Using the analysis of maximum likelihood
estimates, none of the soil types are statistically significant predictors for soil infection status. It
is possible that a larger sample size is necessary to have a larger power. Further, it is possible
that the soil was misclassified, as it was at times difficult to categorize between similar-looking
soils.
Environmental characteristics and distribution of helminth-positive soil samples are
shown in Tables 5 and 6. Soil pH, which ranged from 7.23 to 9.95, was suitable for hookworm
egg development, as an alkaline pH of around 8 has been shown to harbor various species of
geohelminths (46). Meanwhile, the borehole water had a slightly acidic pH of 6.36, and a TDS of
330 ppm. The relatively high TDS confirms the hardness of the piped water source.
Total Dissolved Solids (TDS) ranged from 4 – 1268 ppm per soil sample. TDS is a measure
of suspended organic and inorganic substances; these can include anything from small cations
and anions like zinc, calcium, phosphate, nitrate ions, as well as chemical pollutants like
pesticides. TDS can be an indirect measure of a soil’s conductivity and hospitability for specific
organisms. Although there has not been much research into the correlation between soil TDS
and hookworm development, it was interesting to note that the TDS of WC was higher than the
two villages.
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Qualitative Data
Logistic regression analysis of questionnaire data showed household size as the only
statistically significant risk factor to hookworm exposure. Severe food insecure households also
had a significantly decreased odds (aOR 0.32) of having a hookworm-infected individual,
compared to households that identified as food insecure or better (mildly food insecure and
food secure categories). Severely food insecure households reported not being able to eat any
foods for at least a full day, which may be a result of unfruitful agricultural activities or lack of
income to purchase foods. Perhaps a consequence of this behavior is decreased foot traffic to
agricultural sites or other hookworm transmission sites. Although the lack of food can be a risk
for a worse nutritional status, this status may reduce the frequency and chance of interacting
with areas that might be harboring hookworms, thereby reducing exposure to them. More
research and follow-up are needed to investigate this further.
The increased probability of hookworm exposure in larger households might be due to
the increased chance of infected household members shedding parasites at common shared
sites. Members of the same household use the same latrine (if available), and work on the same
farmland, and thus movement patterns are likely to be similar.
Considering there may be factors unseen by conventional parasitology or survey
collection methods, we wanted to delve into the history of the development of the three
villages, to see if there were any demographic patterns or events that may have led to the
differences in hookworm prevalence. Overall, for the qualitative portion of this study, we
wished to depict a narrative count of the villages, relating to individual WASH behaviors, the
surrounding living environment, and potential reasons for continued hookworm transmission in
Jagbigbingdo.
Study site background and historical development
The three villages had a largely homogeneous ethnic distribution, with the majority
being of the Konkomba tribe, and a small minority of Ewe people. The Konkomba people were
described to be traditionally sedentary farmers, whose crops include cassava, yam, groundnut,
maize, millet, among others. The Ewe people, in comparison, generally established households
near the river coast, as their primary livelihood relied on fishing activities.
Interviews with elders revealed that Jagbigbingdo was the earliest established
community in the region: JG’s elder indicated that his father came from the N’Pando region in
the North to establish a new village, as the area was attractive due to the availability of fertile
land. Over the years as the community grew larger, he reports that people have established
new villages nearby, among them TK and WC. We estimate that Jagbigbingdo is around 80
years old, while TK and WC are around 40 years old. From the aerial maps of the area, JG seems
to be roughly twice the geographic and demographic size of the other two villages.
When the villagers were asked what technological introductions or developments were
most notable, the introduction of electricity and installation of boreholes were perceived as
most important.
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“Before, we were using lanterns or torch lights […] With electricity in the community, the
houses look clean during the night, but before the whole place looked dark during the
night and you could not see much. We are not in darkness anymore, as there is the
television to teach us what is going on in the world”
“Before, we went far away to Wiae Chabor to fetch our water. And during rainy season,
we would go to the stream to fetch the water. But now we can get the water from the
borehole within our community here.” – TK elder
Construction of boreholes started in this area around 2004-2005, according to the
district sanitation office. Boreholes as described in this thesis are boreholes with a hand pump,
as seen in Picture 1. At the time of our study, there were 2 operational boreholes in JG, 1 in TK,
and 0 in WC. It was reported that a borehole in both WC and TK have broken down during the
past 3 months, and have yet to be repaired. Villagers have also expressed the need for
additional boreholes and treated water sources, due to the growing population of the villages.
Regarding MDA against hookworms, local clinical officials mentioned that there was a
yearly dose of anti-parasitic, ivermectin (dose based on the patient’s height), given to all
individuals captured in the community. Meanwhile, 55% of household survey respondents
answered that they did not have knowledge of deworming or MDA in the past year. Given this,
it is possible that hookworm-positive individuals were not getting treated, and could continue
hookworm transmission cycles.
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Water resource use and preferences

Image 1. Woman fetching water at JG’s main borehole. The picture was taken at 7:15AM,
when a handful of women were observed waiting in line to use the borehole. It would take
around five minutes to pump the basin full of water.
When there is no immediate source of water available within the household, certain
members of the household have to take responsibility of regularly procuring water. Water
fetching behavior can reveal important information underlying socio-cultural interactions.
As is the case with many traditional cultures around the world, women were the primary
community members responsible for procuring water for the household need (47). The time
allocated for fetching water daily was substantial: women reported walking 30-60 minutes to
get to a borehole or a stream, repeating this process up to five times a day. Children, both male
and female, accompanied mothers to the stream when additional help was required. JG
residents were more likely to report that there was overcrowding in the community, especially
in regards to water resource use, perhaps due to the larger size of the community.
“If I wake up early in the morning I will first go for water around 6AM.” – JG woman
Women preferred to get to the borehole as early as possible, as the water would dry out
quickly. They carried aluminum or plastic basins that would carry around 30-40L of water on
their head, and walk 15-60 minutes to the water site. The roads to the borehole and streams
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were uneven, with paths that went through bush and mud. At the borehole entry, the water
fetchers would remove slippers or footwear, and spend around 5-10 minutes filling each basin.
At the stream site, footwear was removed before entering the stream. The fetchers would walk
until the depth of the water reached up to the shin, as shallower water was perceived as dirtier.
When the basin was filled, the fetcher would balance it onto their head, and walk back to the
household.
Water was stored at the household in large plastic oil drums repurposed for water
storage, or traditional clay urns dedicated for rainwater collection. The collected water was
then used throughout the day for cooking, drinking, bathing, and cleaning. Only two households
reported treating their water to make it safer for consumption. One household used alum to
treat their water, and a few women reported filtering water with their scarves. The use of
scarves could be an artefact of educational campaigns to prevent guinea worm infection, which
promoted filtering water from open sources (48).
“The water does not flow and is stagnant, so the water inside is not clean […] We use a
scarf to filter it at the house after we bring it from the stream.” – JG woman, hookworm
negative
There were many negative perceptions about the quality of the Dako river water,
associated with the various activities that happened at the site. Respondents mentioned that
other than fetching water, people did laundry, fished, and rode motorized boats as ferries.
Respondents who sourced water from the stream seemed to do so because they felt that they
had no alternative – if given a choice, all respondents would choose the borehole water for
daily use for its cleanliness.
“Because of the overpopulation of the community the pipe is not enough for everyone,
so when you go and there are many people trying to use the pipe, we go to the stream to
fetch the dirty water. The reason why I called the water dirty is that when you get to this
stream, the water looks bad but you have no option than to use it.” – JG woman,
hookworm positive.
“If I am thirsty and I drink the stream water, I do not feel thirsty again quickly. But if I
take the borehole water, I will feel thirsty again very quickly.” – TK woman, hookworm
negative
Many other respondents supported the above statement; they would say that they
might drink the stream water as it would give them more energy than the borehole water,
despite them knowing that the quality or cleanliness may be inferior. There was the distinction
between hard water from the borehole, and soft water from the stream. Hard water is
characterized by the high mineral content, including calcium, magnesium carbonates, among
others. Meanwhile, having only the stream as a water source was not a risk factor for
hookworm infection, especially because the hookworm prevalence in WC, which does not have
any improved sources of water, is much lower than in JG, whose residents have access to two
boreholes.
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Defecation and Hygiene

Image 2. Latrine under construction. Villagers were instructed by the District Sanitation Office
on how to construct latrines. Many half-constructed latrines could be seen throughout WC and
TK: some were actively under construction, while other construction projects were abandoned,
as the foundation had collapsed, and construction had halted.
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Image 3. Difference in latrine quality in Jagbigbingdo. On the left, the construction of the
latrine is relatively poor: there is no door to seal the entrance, the roof is made of a layer of zinc
plating weighted down by a branch, and there is no separation between the latrine and the soil.
On the right, the construction of the latrine is much more solid. There is a concrete foundation
base, as well as concrete walls, a closeable door, and a reinforced roof. A jug of water next to
the latrine, used for washing hands, can be noted by the side.
The quality of toilets varied by household – while some latrines were mainly constructed
using clay bricks, some were reinforced with a concrete foundation and metal roofs, protecting
the toilet against erosion and rainfall. Families who had poorly constructed toilets would report
that they reverted to open defecation after their toilet had collapsed (Images 2 and 3).
We learned that the district sanitation office had started to advise community residents
to build latrines around 2018, 18-24 months before the data collection period. When we asked
why they think defecating at a latrine might be preferable to open defecation, the residents
often brought up the sanitation officers.
“Yes, the sanitary officers came to tell us we should not poop outside anymore since it is
not good.” – JG child, female, hookworm positive
The office mentioned that making the district open defecation-free was a priority, and
their method of achieving this goal was by educating people at the community level, and giving
demonstrations on how to build latrines to each household. The office specified that this was a
disease prevention strategy against typhoid fever, a bacterial febrile illness that can be
transmitted via the fecal-oral route (49).
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The residents were not specifically instructed about hookworms or typhoid fever, and
no respondent demonstrated knowledge that helminths in soil would cause illness. Regardless,
it appears that the health education campaign was partially accepted by the community – all
respondents, regardless of age and gender, answered with a consistent story why they think it
might be important to defecate at the latrine rather than the open field. The reason for using
the latrine was a variation of the following:
“When you use the bush to defecate, the fowl can go and step on the poop, and come
back to the house and step on the foods that we are drying for. If that happens, you eat
food that the fowl stepped on. And we look at this and see it is not good, and that is why
we constructed the latrine.” – JG man, hookworm positive

Figure 11. “F-diagram” of disease transmission and control (Wagner & Lanoix) and additional
transmission pathways due to poorly managed sanitation (Prüss et al. 2005). Taken from (50).
Fecal-oral transmission of environmentally-transmitted parasites can manifest through a variety
of routes. When sanitation measures or WASH infrastructure are lacking, transmission routes
can be amplified, and lead to further contamination of the environment.
None of the three study communities were open defecation free as of the study period.
16/40 of households (40%) self-reported to practicing open defecation, while 24/40 (60%) used
an outdoor latrine for defecation. Interestingly, all JG households reported that they solely used
latrines, and not the bush for defecation. This was interesting, as interviews revealed that some
of the household latrines were not in use, due to poor construction or general dislike of its
usage. Further, JG is the largest community within its vicinity, and was the first to receive the
educational training from the sanitation office.
As seen in Figure 11, poorly managed latrines can be a pathway for maintaining the
hookworm transmission cycle. If existing infections were not dealt with, the implementation of
latrines by itself may not have eliminated the parasite.
Latrines were generally perceived to be convenient to use, and preferable to the bush. A
benefit about its use is the privacy compared to bush defecation: people still performing open
field defecation reported walking as far as an hour away from the household, oftentimes having
to travel through bush and muddy paths. There was no noted nuance or insinuations of cultural
superiority to using latrines over open defecation.
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“I like using [the latrine] because it is near my house, and I can go any time I feel like
going to the toilet. I can just enter inside it, and I will not spend much to going to the
bush. And more, after you defecate I can cover the hole before I come out.” – WC man,
hookworm negative
However, not all residents felt the same about the new implementation of latrines into
their lifestyle. It is possible that some do not necessarily like to use them, but feel the pressure
to continue doing so, either directly from the sanitation officers, or peer pressure from a social
desirability standpoint. There have been comments about the smell that the latrine produces:
as most household latrines had no cover for the hole in the latrine, they noted the smell from
the accumulating compost. Some families used natural remedies, including scattering ash after
using the latrine, to mitigate the smell.
“I don’t like [using a latrine] but they [sanitation officers] said we should use it because
of the smell. […] We use burnt palm nut ash to reduce the smell.” – JG woman,
hookworm negative.
Further, many latrines were lacking the suggested handwashing equipment, such as
refillable jugs of water and soap, so that the users could wash their hands immediately after
defecating. The validity of survey questions asking about the method and frequency of washing
hands come into question, as it is difficult to accurately measure whether people do wash their
hands properly.

A Day in the life of a JG resident: a narrative recounting
* Note: The following paragraph is based on information from interviews, and systematic
observations of community members. This portrayal of a daily snapshot of a JG resident may not
be completely accurate, and may only apply to a subset of the population.
The day started early before sunrise for those who lived in JG, but especially for the
women. Around 6 AM, the women, whose responsibilities included domestic activities, burn
firewood to boil water for the family’s bath. Water would be stored in large, plastic oil drums,
which were replenished every day. Women, sometimes with their children, walked to the
nearest water source, either the borehole pump or the stream, to fetch water. Generally, it was
known that the borehole had cleaner water, but it could be more difficult to procure, as there
were many families that lined up early in the morning at the borehole. Adult men generally did
not go to fetch the water.
Around 7 AM, most women would have already made at least one trip to the borehole
or the stream, to fetch the water for the day. Children started to wake up and help around the
household. Some were seen scrubbing pots with a brush, or sweeping the courtyard with a
broom, shooing goats and dogs that lingered around. When the house was not yet swept, it
was easy to spot scattered piles of goat feces around the household courtyard.
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“I make sure every morning when I wake up I sweep the house and keep things tidy, and
sweep the animal poop and put it into the bush.” – JG woman, hookworm negative
The men, meanwhile, were less involved in household activities including cooking or
fetching water. Most of the community’s men were farmers, and tended to their crops early
before sunrise. The farmers left their household by foot or bicycle, equipped with a machete, a
gallon jug of water, and half a yam to roast for lunch. Some of the community’s men had
already left to their farms by the time we arrived at the village around 5:45 AM. For some, the
farm was very close by, perhaps a five-minute walk away from the house. For others, they had
to cover great distances to get to their farm. They expressed that the community had grown
large, and fertile land was only available far away from the village, and so they felt that they
had no other choice but to walk long distances.
The length of stay at the farm differed based on the distance to the farm. For those who
worked close to home, they would return home when they were tired. This could be due to the
exhaustion from the physical labor, the intense heat from the sun, dehydration, or hunger.
However, those whose lands were located further away from the home tended to stay
overnight at the farm, and even throughout multiple days, to save time by avoiding walking
multiple trips. As the farm was located far away, and work needed to be done in a timeefficient manner, children sometimes accompanied their parents to the farm to share the
workload on weekends or days without school. For one JG family for which at least 6 members
tested positive for hookworm:
“Because the farm is far away from the house, we sleep at the farm, and the children
too. It is about 5 miles away. But we go there with bicycles and those who do not have
bicycles walk. During the weekend, the school children, around 3 of them, and 6 people
total, work at the farm.” – JG man, hookworm positive
Perhaps this difference in work culture is particular to JG. Since TK and WC were
established later than JG, and their population sizes are smaller, there were no reports of
overpopulation or lack of fertile lands.
“I have seen Jagbigbindo people sleep in the bush at their farm, but Takumdo people do
not sleep there.” – JG man, hookworm positive
Staying longer durations at agricultural sites may be a risk factor to hookworm infection,
as one would be in direct contact with soil for extended periods of time, without adequate
WASH facilities or clean water to wash oneself. Although the distance to farms were not
recorded, it would be interesting for future studies to consider the geographic distance traveled
in relation to hookworm exposure risk.
The weather and climate had a direct impact on the productivity and livelihood of the
people in these communities. When the weather was fair, the farming activity could continue
until one was tired. However, most farmers mentioned that on rainy days, they did not work at
the farm. The soil would be muddy, and it would be difficult to work the land, so they would
return home. There were even mentions of it being taboo to work in wet conditions, as it would
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bring bad luck or harvests. Many people are either barefoot or wear inadequate footwear when
working, which offer little protection against hookworm infection.
Schoolchildren returned home in the afternoon around 2PM, and often started to help
mothers with chores around the household. Food would be prepared for the family in the
evening, around 4PM. A typical supper consisted of regional variants of fufu (pounded, boiled
starch vegetables like yam), accompanied with a stew. The day ended for most people after
sunset. The parents would instruct children to take a bath before going to sleep. Taking a bath
consisted of heating water, and using a sponge and soap to wash oneself.
Efforts from the local government and health authorities
Throughout villager interviews, we found that not many villagers expressed knowledge
of hookworms, or environmentally-transmitted parasites found in soil. When asked about
malaria, or even onchocerciasis, many people knew the transmission methods and symptoms.
When asked about what might cause stomach aches, respondents either expressed uncertainty,
or related it to the quality of the food and water they consumed.
“[Where do you think stomach aches come from?]
That is what I don’t know. When we go to the clinic we don’t know exactly what is
happening, and the nurses at the clinic don’t tell us where the ache is coming from.” – JG
Woman, hookworm negative
“I thought people can get hookworms by eating bad food, like leftovers which were not
heated with fire, or contaminated foods.” – WC man, hookworm negative
We learned that the clinic laboratory was not equipped to diagnose hookworm
infections, and there were no specific protocols for hookworm screening. Rather, when patients
came in with symptoms of stomach pain and diarrhea, they were given oral rehydration salts
and sometimes prescriptions for ivermectin or albendazole. Since the district is endemic to
malaria, and symptoms of stomach pain can be similar with hookworm infection, it is possible
that helminth infections were undiagnosed or misdiagnosed as malaria. Further, the health
education offered by clinicians may be misunderstood by the patients, as expressed in the
above quote.
The clinic served the three study communities, and nurses reported going into the
communities for screening and educational programs. The topics of educational campaigns
included family planning/child care, hygiene and sanitation.
“We don’t have a specific [educational campaign] that [on hookworms]. But it chips into
personal hygiene and stuff like that. We say children should wear sandals when they go
out. If they are not wearing sandals, they might get hookworm infections.” – Banda clinic
disease control unit
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The clinic staff expressed their own frustrations in delivering these health education
campaigns at the community level.
“There is the Konkomba, Chunmuro, and some of them don’t understand the Twi or
English. For me, I can only manage the English and the Twi.
“I think, to make work easy for the proper education of the hand washing, […] [the
district] should get water for them in the community. It will help them. […] They should
have [water] 24/7. Our education is that they should wash their hands with soap and
water. They would not say ‘oh, I need to get money to buy water’. And ‘if I use it today,
tomorrow the tap will not be open so we will have to manage’.
When clinic staff interact with patients at the clinic, or during educational visits, it is
possible that the intended message is not correctly delivered or interpreted. Even if the nurses
had educational material ready to deliver, they expressed that it would be sometimes difficult
to enforce the advice, as these villages were lacking the infrastructure to obtain and maintain
clean water nearby. The clinic staff emphasized the importance of community liaisons between
each community and the clinic, who would volunteer to translate and assist clinic staff during
community-wide screenings or treatments.
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Discussion
In this mixed-methods survey of behavioral and environmental risk factors tied to
hookworm infection, we explored various aspects tied to hookworm exposure and
transmission. The rationale for this study was to use qualitative and environmental
methodology to capture information that otherwise would not present itself through classical
epidemiology methods. In the initial 2017 survey, no conclusive risk factor was found as to why
JG had a higher hookworm prevalence than WC and TK, two similar and nearby villages. The
rationale for this study was to investigate the different factors of the F-diagram in a holistic
manner, to uncover new hypotheses about why this community-level variation may exist.
Risk factors and protective factors to hookworm infection
Through the administration of household-level surveys, we asked participants questions
regarding their water usage, WASH practices, and knowledge surrounding hookworms and
other diseases. A logistic regression model of household-level risk factors identified household
size as a statistically significant risk factor for hookworm infection. Previously demonstrated risk
factors to hookworm infection in similar regions of Ghana, such as pig ownership, were not
found to be significant risk factors in this study. Pigs have been shown to ingest contaminated
human feces at sites of open defecation and later excrete these eggs near the household,
thereby acting as a transport vehicle to environmentally-transmitted parasites (12). Perhaps
animal rearing practices were not accurately captured by our survey.
Being severely food insecure was found to be a protective factor against hookworm
infection. Intuitively, it would be expected that those who are more food insecure would have
poorer infection outcomes, due to poorer immune systems, nutrition profiles, and general
poverty. There may be underlying factors why this may not be the case. 1/40 households were
food secure, and over 90% of households were either food insecure or severely food insecure.
The protective OR may simply be a consequence of the small sample size (n=40) of household
surveys, or from behavioral differences of severely food insecure households

Water resource use
Perhaps the most perplexing piece of the puzzle in the study was the link between
access to clean water and hookworm transmission. Variation across the three villages was
found regarding water resource availability and use. In WC, there was no working borehole, and
people had to travel 30-50 minutes to reach the only source of water, the Dako River. However,
the hookworm prevalence was only 6.9%, compared to JG, which had 2 working boreholes, as
well as a stream site.
As noted with similar traditional African societies, women and children were responsible
for procuring water for the family. However, sex or lack of improved water sources were not
risk factors for hookworm infection in this study. Meanwhile, no environmental parasites were
identified through soil analyses at either the borehole sites, or at the stream sites. Since the
water fetchers remove their footwear and expose themselves to wet soil around the water
source, it was plausible to expect these sites to be grounds for hookworm transmission.

Kim 48

An important revelation was of the different sizes of the communities. JG was roughly
twice as large in terms of geographical and population sizes. JG water fetchers were spending
more time waiting at the water sites, as the flow of the borehole pumps was slow, and there
was limited water supply for every household in the village. Perhaps exposing oneself for longer
durations at hookworm incubations sites is behind one of the mechanisms of sustained
hookworm transmission in JG.

Defecation behavior and lack of proper health education
JG residents all self-reported to use latrines for defecation. Latrine use would be an
expected protective factor against hookworm infection, as it can reduce the amount of fecal
spread of soil. Global bodies such as the WHO have been pushing for reducing open defecation
and improving WASH facilities in low resource areas. It is possible that the accompanying health
education on how to effectively use the latrine was lacking; if there was no knowledge transfer
regarding personal and family hygiene measures such as hand washing techniques and proper
food preparation, alongside the latrine construction, it is possible that the same contamination
and STH transmission cycles continued (51).
Most households further reported to have adequate or frequent use of hand washing
after defecating, and before/after eating. However, during multiple systematic observation
sessions, many children were observed to eat without washing their hands, and handwashing
material such as soap and water were not found near the latrine. This type of poor hand
hygiene practice can potentially increase exposure to parasites, and continue transmission
cycles. It is possible that survey respondents did not answer completely truthfully to some
questions, as the survey touched upon potentially stigmatizing or personal subjects.

Potential “super spreader” households in JG
Environmental analysis of soil and water conditions gave insight on the hookworm
infection case distribution. Elevations for TK and JG were identical at 150 m a.s.l, while WC was
located at a slightly lower altitude of 100 m a.s.l. Although hookworms generally favor lower,
coastal altitudes, closest to the environment of WC, this is not consistent with our data, and
thus other environmental factors may be important. The sample size for soil data collection was
small due to time constraints, and thus it is difficult to generalize or conduct accurate statistical
analysis about the distribution of various soil types. Ideally, 10-15 samples would have been
taken at each sampling site. JG has a larger population than the other two villages, which can
lead to higher foot traffic within the community and beyond to reach farmlands. The density
analysis of environmental hookworm distribution suggested that there are larger amounts of
environmental parasites present in JG. It is possible to hypothesize potentially higher
environmental reservoirs of helminths near households, facilitating transmission to humans.
Further, the hookworm case distribution map showed that there are a few households
in the middle of JG that have a large number of hookworm-infected individuals. Meanwhile,
since we capped the maximum number of participants from each household at 7 individuals, it
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is likely that many more household members, who are likely in close proximity to infected
individuals, are infected with hookworms. In this case, there could exist “super spreader”
families or individuals that maintain transmission cycles within the community.
One interesting survey response was regarding knowledge of MDA in the past year.
Almost half of respondents answered that they did not know of any deworming trials. Poor
MDA penetration may lead to foci of highly-infected individuals that do not get treated for
several rounds of MDA, leading to sustained transmission. This may suggest that the high
prevalence in JG may be continued by “super-spreader” households that are systematically
missed by MDA. Given that the village is large, perhaps health officials have been missing the
infected households, such as the one JG household whose members all tested positive, that
also stay overnight
Limitations of the study
Qualitative methods
Qualitative interviews with study community residents and stakeholders raised
important questions regarding the behavior of rural, agrarian communities. A large limitation of
this study is the inherent bias and social desirability of the interview process: the persons
participating in the interview included the study participant, two male local translators, and two
male research team members. The interviewers would adapt open-ended questions from a predetermined list based on the interviewee’s gender, age, and role in the community. As all
interviewers were male, and due to the potentially stigmatizing nature of questions, it is
possible that certain individuals did not provide answers that reflected their actual behavior or
beliefs. The inherent power imbalance between the foreign investigator and the community
member may have prompted them to bias their answers. Efforts were made to minimize biases
in questions asked, and to make the conversation natural and comfortable for the interviewee.

Sensitivity of diagnostic methods
The examination of stool specimens using the Kato-Katz method for helminth egg
identification is the standard, recommended method by the WHO for field diagnosis of various
STH, including hookworms. A generally discussed limitation of this method is the limited
sensitivity. Hookworm eggs are not stable, and the Kato-Katz may fail to detect any amounts of
eggs within 30 minutes of preparing the slides for examination (52). Alternative tests like PCRbased diagnostics may be more sensitive, although such protocols requiring substantial
equipment was not feasible in the field setting. With the limitations of the Kato-Katz in mind,
efforts were made to follow standardized protocols, and respect the maximum time interval
between slide preparation and microscope examination.
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Success and limitations of the local health authorities in reducing open defecation
The efforts from local health and sanitation authorities were successful in penetrating at
the community level, highlighting the potential for community-level behavioral change
interventions to succeed. Although they were focused on reducing open defecation, efforts
may have synergized and results may have improved if additional education was given about
STH: no respondent revealed knowledge about parasites living in the soil that could cause
stomach illness. Villagers seemed to trust the advice from local health staff, and the
implementation of latrines across all JG households took less than two years. Full behavioral
change, which would include proper handwashing methods and knowledge of parasites, would
require additional or new strategies.
The quality of the WASH infrastructure was inconsistent across households, and latrines
by themselves would be insufficient to eliminating soil-transmitted helminths; access to clean
water, as well as health education campaigns, are all necessary to promote behavior change.
The campaign to achieve open-defecation-free (ODF) status aligned with the vision from the
UN, which have significant partnerships within Ghana to promote behavioral change to
eventually achieve ODF status. UNICEF partnered with health authorities in Ghana to
implement the Rural Sanitation Model and Strategy to promote communities building their own
latrines, reduce dependency on government, and promote community health (53). Additionally,
UNICEF stated that more rigorous national monitoring and evaluation practices were necessary
to improve WASH conditions, and emphasized that behavior change, rather than direct supply
of resources or latrines, would be a solution to reduce open defecation. The WHO’s original
goal of eliminating STH by 2021 is not likely to succeed – shifting global priorities, including the
COVID-19 pandemic, have pushed neglected tropical diseases such as hookworms down the
priority list. Further, as it seems from our study population, it seems that the implementation of
latrines by itself is insufficient in eliminating the disease.
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Conclusion
In this study, we followed up on a 2017 epidemiological survey of helminth infections in
the Kpandai district of Ghana, which had originally found a community-level variation in
hookworm prevalence in three neighboring villages. Using a mixed-methods approach, we
investigated environmental, household and individual risk factors for hookworm infection
across three rural, agrarian communities in the Kpandai District, Ghana. Hookworm prevalence
continued to be highest in JG, compared to TK and WC, which reported low baseline levels of
infection. We identified household size to be a risk factor for hookworm infection, and that
severely food insecure household members were protected against hookworm infection.
From our data, it was difficult to identify a single factor that could explain the variation
in hookworm prevalence. However, important information on village history and beliefs were
uncovered during the interviews, which could shed light on our understanding of eliminating
STH in endemic regions.
Briefly, initiatives for infrastructure development could be implemented in a rapid time
frame, as was the case with latrine installation in JG. Thus, there is the potential for behavioral
change campaigns to be rapidly taken up by the community members. However, we saw that
an incomplete health education campaign, or lack of proper materials or construction, can lead
to the disuse of improper latrines, and even sustain hookworm transmission cycles. Further, it
does not seem that all individuals are being treated during yearly MDAs, as many survey
respondents do not report knowledge of deworming campaigns.
JG was estimated to be twice as large as the other two villages. Women reported that
there was overpopulation in the community, especially relating to water resource use. Further,
we identified a few households with a majority of their members who tested positive for
hookworm. In regions of high population density, these individuals can continue releasing eggs
into the environment, and continue cycles of re-infection by either carrying the parasite
elsewhere to common areas in the community, or by self-infecting due to a lack of proper
footwear.
Results from this study reveal important gaps in the strategy to eliminate STH in
endemic regions of the world. The original 2020 goal to treat hundreds of millions of children
for hookworm was not fulfilled on time. To eliminate STH by the next time point, perhaps there
needs to be strategic adjustments to account for not only the mechanisms of hookworm
transmission, but also the complex manifestations of its circulation within human societies.
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